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: 1/ 



**«aW*;frftfci5V>T, m^B B B ^?l±^|^^|±tf-iiJg^v (mm/mi 
n) , @«#MOiaK&JESrG (K/mm) , /Uy # J^M^O^M^Ofti^ 
zWSrTmax (°C) a/:^^<HTmax (°C) KIS D Tjffa&PiMH 
^R^/XliWa^lB****^ «V/G|t (mm2/K • m i n) <0$SB£ 
ftfcU *S>ftSfeLfc*HK:v/G (mmVK-min) fiOf^HPLtM 

[|f^2] MffiV/Gtt (mmVK • m i n) *\ - 0. 000724 
XTmax + 1. 3U2LL-0. 0 0 0 7 2 4 X Tm a x + 1 . 38*#!0$£B 

[S£fc£3 J frSHV/Gffi (mmVK • m i n) -0. 000724 
XTma x + 1. 3 8 »±©|&HfcfWfl LTl|ifN|*3|±tf * d t £#^1" * 

[IS^4] fftmV/GW. (mmVK • m i n) fc, -0. 0 0 0 7 2 4 
XTmax+1. 3im±-0. 0 0 0 7 2 4 X Tm a x + 1 . 3 5J^TOii 

Ilf^5] f!2Tmax (*C) 1 5 6 0 V&T<Dmfflt ltf,f H B B ?: 

guif * c: t *imt-tzm*& i »5»3Wi4 ov»r*t* 1 ^cttoiMM 

[ff^6] mifiTmax CC) &%<ti>, WMmffi.*WM"$-Z>)Vy 
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[1*^8] mm&MiMiVW.&Z 2 0 Omm^±tt^Ct^#ttf|,i 

[f&^oiNffl&miE] 

[0 0 0 1] 

[§^!<^1-&&#r^i?] 

[0 0 0 2] 

»K ±t:f 3^7;^+-fe (Czochralski Method, iikTC 
[0 0 0 3] 

mi^m^xm^fi^o c^ig^iiitt, ^£fi % >';3>oj;^>fc/i 

«*cJMS*4«r7-f-V-5-C9|J:»f4«« *ltv>*. 
[0 0 0 4] 

*W >*"*>M-2rtfctt, ttK£*L&jKIHKft6 *JR#"t*5^^#7 t 
[0 0 0 5] 
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[0 0 0 6] 

v»*. * h b&m 1 3 (D^mr^Kmnmm e tttfo-rz * * 1 4 

[0 0 0 7] 

J2LLO J: * & #& B B B «£^S 1 « KB* * *Lfc5£* 7 # 7 £Ktt£*t A «r<X 
#U 1 0 K J: 0 ftlfifc U ^;v^^7[*JO#^ B B B HI4-^^S!H$^ 

T»lw»«*UTV>4«*^r-l 5t*H£**Lfc*ttAl 6 

, sitAi 6«ri^w?u^-^:i:^ m«g B B B 1 6 ©TtffcjrfaW) 
iS#i: B D pK^i-^^ B 3 B 4*w^;-t-^o ion, ttttfti 6ti«i«6e* 

A&3I±»f-Cv**o 
[0 0 0 8] 

wn- i na*W8©MI^01»i:4otv»S, 
[0 0 0 9] 

Grown-inii^v>tftl»ti (BI5#J8Q o 
*&Wil£-L*:*M KgHi:**LTV»&FPD (Flow Pattern D 
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ef ect) ^COP (Crystal Originated Partic 
1 e) m<DGr own- i n Xffi*m£k&1jm£Mlzm®miZftteU ZtibX 

m^te-tzmmtv (vacancy) ittfimti^o tfz, ®.&mm 
*&#>x^< tj&&&m<vi&TKt¥^osF mimmmmKm, oxidat 

ion Induced Stacking Fault) ffil&tfftkikomSlfr 

>^^Lfc^i;l/--7 c feHh#x.f>tt-CV^L SEPD (Large Sec 
co Etch Pit Defect) > LFPD (Large Flow 
Pattern Defect) ^?>$;Rlri*©^JKK#£ U ^O^Rg^^Ef 
&fRi£f±I (Interstitial) igitt BWftTV^o 
[0 0 10] 

OPf^> ^FIv'Jn^gi^LSEPD, L F P D^&#£ L^v^j^o^ 
^^E^tLTV^o ^OftiiN Neutral) ^<hB? 

}£*l&o £<DN|git£££>^53liS-r&^ O S F U >r<D9\.mKm&-f 2> 

Nv^it (^?lo#v^«) 1 1 mmzmng-fz* n i ^ m>"J3>^ 

[0 0 11] 

i^OGrown-i n^figfi, 5I±tfSft (V) t@^I<D^ge ( 
fi&*itv»4 («xtf, *#lrMl#io ) o V/G|W«-*j: 
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[0 0 12] 
[0 0 13] 

m^Lrmmmz^-t & v/Gm*^, *^##fcv/Gtt^iM&s*5!-b»f 

[0 0 14] 

1 1 - 1 4 7 7 8 6 #<2r# 
2 ] 

#18 2000-44388 -5§-<&ffc 
11-349394 
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#M 2002-57160 

V. V. Voronkov, Journal of Crystal 
Growth, 5 9 (1 9 8 2), 6 2 5 -643 
[0 0 15] 

li £ O J: 5 ft IM£ fcfc* X ft $ *Lfc O V / G fit £ fflltt t T W 
V /G-fS^^-T^ - t^-Ci, J: 0mHmMp n o ICO^^«r5IJilf^>-^^ 

t? § h^^n<onm^m^^ir & - * a w -*** ° 

[0 0 16] 

[mug £ »fc*r & * w^fti 

itfSBSO^UtfjSJKSrV (mm/mi n) . ifflOfi^S^G (K/m 
m) . iV^ftgW^flt^tlfil^Tma i CO b£flf> ^ft < 

/Gm (mmVK-mi n) *>ifiH*:ft5&U *Oft£L;fcttfflfcV/G (m 
m 2/K-mi n) ^H^MfP LfJMirfi*3l-ttf & - Mtt^^iO 

[0 0 17] 

te^pjlHit^^i-^ V/Gffi (mmVK • m i n) OflSfc^jELT^OtEH* 
&5£U -e-^SSHfetfcttlfltwV/G (mmVK-miii) <EMft*«HHl LT^IS 

&*3i_tif k\ ^axww^^/xtt^fa^XHiw**^-* v/g^ 

(mmVK-mi n) * X *)iE«fcft5&*&£ Bra&RBSH* 

ft**&A§i«fcj£Cfcirra&^ 
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t tui j: o -c > Mas. * * * A < «*-*- * - k * * ° 

CLCl-C, mU^m^m^G (K/mm) tt±, JKfi-^HjS 

^A 1412 t:) ~ 1 4 o ot;oi£ffl^<aiaR4gffio£fc&§9o v/ 

Gtt (mmVK-mi n) OftMUfctt. ttiiO«*W«W^* (*M5flO~2 
[0 0 18] 

£<&*£\ tMBV/G* (mmVK-min) ft, -0. 0 0 0 7 2 4 XT 
max+1. 3UU-0. 0 0 0 7 2 4 X Tm a x + 1 . 3 8*if<7)f£ffl»J 
fclLTJiMtllftSUtf*^ k*»-CS& («^2) o 
[0 0 19] 

Z<D£oK, V/Gm (mmVK'min) ft, -0. 0 0 0 7 2 4 XTm 
a x + 1 . 3 1 J^-t- 0. 000724XTmax+l. 38 *m OlfiHUWlP 

i^JL<l±, V/Gt (mmVK • m i n) ft> -0. 000724X 
Tmax+1. 3 1tt±-0. 0 0 0 7 2 4 X Tm a x + 1 . 3 7»T^S^ 

[0 0 2 0] 

tWT!BV/G« (mmVK-min) ft, -0. 0 0 0 7 2 4 XT 
max + 1. SSJaiOllHttiflU-rJMSJIMUlf*-*:*^** 
3) o 

[0 0 2 1] 

tWeV/G* (mmVK-min) ft, -0. 0 0 0 7 2 4 X 
Tmax+1. 3 8J^±^fflt'»PtT^ H B a *5l±-«-^^ MEKOS 

[0 0 2 2] 

iOt^ tWIBV/G« (mmZ/K-mi.n) ft, -0. 0 0 0 7 2 4XT 
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max+1. 3lJ2U:-0. 0 0 0 7 2 4 X Tm a x + 1 . 3 5 &T<£>$SfflKH?H 
[0 0 2 3] 

iOJidC V/G* (mm 2 /K- mi n) ft. -0. 0 0 0 7 2 4 XTm 
ax+1. 31M±~0. 0 0 0 7 2 4 XTmax+l."35W.«SH:«IP 

& £ * Mi" * - ^ ft * o 
[0 0 2 4] 

flfiTmax CC) ft, 1 5 6 0 tflTOOT * LTJMIht*9Ui 
If* Lv> (ffi^*g5) o 

[0 0 2 5] 

iOi^, Tmax CO ft. 1 5 6 OOTWlSB V/G 

a#i^***^* J ^**3i- tlf * l * og,Jl ' f ** v ( mm/min) * + 
*nas* & - fc w § , * -H9- * & - 1 ft £ o 

[0 0 2 6] 

ftrlBTmax CC) ft, ^*<t*. MWifctWt^f^ 
^;vy^ftH^i-^J:^^Ee$^ii-^--toratcif^ft^t^>-t, x 

tt*7 #jfcH«tllfift*r*««-*-* - 1 1:1 * ft * 6 

) o 

[0 0 2 7] 

o ke« $ t: - * - 1 <o w Kwmttnv £»f*fc 

Tmax CC) * 

o 

[0 0 2 8] 
[0 0 2 9] 
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[0 0 3 0] 

£ £>*£\ miS#^H H H Wig % 2 0 0 m m J£Uh i" * £ t S & 8 
) o 

[0 0 3 1] 

< *oTV»*l6S2 0 OmmJ^±W^ B H H ^mat-r^>^^> #^^"C*>^>o 
[0 0 3 2] 

**>Ot?*4 (S»^9) o 
[0 0 3 3] 

'^rt#5t (fry : HZ) ^S^WSWtttRO'/XtiSfa^XMtttw* 

& £ t te&m U ^ll^ $ -^^o 
[0 0 3 4] 
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/m i n) , Ol^IfuS- 1 4 0 0t) Ozajg£j@e£G (K/mm) 

Tmax (t:) ^/SCT^M^PiS^^tf/X^M^PiS^^^i-^V/G 
(mmVK-min) ?>$Sffl£$:;SU ^<7)&5£ LfclafflK V/G (mm 2 
/K • m i n) ^*^ H H B <7>^|Sj{5^^ (W5Z0-2 cmli|<) icjgi? 

[0 0 3 5] 

^ - t tTV/GiOit:^7**tJEfflWltOf ilfilTma x CC) 
*fflv^ 0 COTmax CC) »*, ix.lf % 2 c m 

[0 0 3 6] 

£-T% ®4te. NvittN immom^V/GmtTma x CC) <£>P*5 
#£^1-**:7-7-T?&&o EU^^'b^&J:^ V/GII £ Tm a x CC) t± 
§ ti^%mm&$> 0 , ^M^PilM^^VX{«M^P.S^^^t- ^> V/G-fit 

-f^ZV/GMZ&fclr&lzi^ Tmax (C) £ ^>1tiE«^-e^-2, 0 
[0 0 3 7] 

Lt^oT, ^<HTmax CC) ^JSCT^fMXPiH^^VX^M 
mXmffiMZ^-f& V/G-fil (mmVK • m i n) ?>fSH£$:;£U 
L£iSHKV/G (mmVK-min) ?>1S & iiflJfP tT^ H B H ^?|_htf %> £ i: 

£ fc, ^a^»«JttV/X«iWa^B**t*-t*V/G|l (mm 2 
/K-min) &H ZO*-*i-€**UCjE£CT £ »> iEifcKlglHgf * CI 

[0 0 3 8] 
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IWO S Ffiti ^-?> V/Gffc Tm a x^l^t^77^S 0 t/c 
, H3 (b) l±, V«*ftkft*V/G«i:TmaxOi6H*^t^9 7-C**o 
Sfcfc, H3 (c) tt, Cuf^PSi^^^Nii^^V/GlfcTma 

x o$e H * T^i" ^ 9 "7 -e $> h o 

[0 0 3 9] 

HI 3 (a) frhWbfr&Zl^ V/GiU (mmVK • m i n) &> -0. 
0 0 0 7 2 4 XTma x+ 1. 3 1 J2LL- 0 . 0 0 0 7 2 4 X Tm a x + 1 . 3 

if)ffiL<li, V/Gffi (mmVK-mi n) -0. 000724X 
Tmax+1. 3UU-0. 000724XTmax+l. 3 7&TO$£ffiK 

[0 0 4 0] 

f IH3 (b) jfc&IB&^fcJ^^ V/Glfi (mmVK • m i n) 
-0. 000724X Tmax+1. 3 8 J2Lt«>!fiHfciWfll tT#^ B B H*BI±tf 

o 

[0 0 4 1] 

Sfcfc, HI 3 (c) ^f>l|f)M^(:, V/G« (mmVK • m i n) & 
.-0. 0 0 0 7 2 4 XTmax+l. 3 1 JglJt- 0 . 0 0 0 7 2 4 XTmax 
+ 1. 3 5mT^$tffl«J^LT#^ H B H %?Ulf^>-^'C% ±«Ii:Cuf* 

[0 0 4 2] 

tfc, 0 3 (a) - (c) *&xm&£n^ Tmax CC) 1 5 6 0 °C 

&rr<omm t-r * - 1 j»sfcK«^tf/x»*^afcfcRMW**** v/ 

G-m (mmVK-min) <D tirh i ii3& s "C£ HI 

3 (a) ROTH3 (c) frh. Tmax (°C) * 1 5 6 0*CJaTki-*ttf> I« 
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«fcN««0*fOV/Gfi (mm2/K • m i n) * 0 . 1 8JSLtfc*V**> «> 
[0 0 4 3] 

UW: 2 * - ? ~ £ W K *r*M* & IK It & - . Xt± * ? * Wr«M* * 
KBfc-f & - i: £ X <9 ?;tM$eB K^HI" & £ t £ & o 
[0 0 4 4] 

KLfc&W*. Ia2•e^t^^ B H H ^^et^^i:^^IWIDT^^o i-&fc>*>. 

#11, HS&ffi 1 3, »rfft*fl 4, -?-L-C;V^^*Oif^#l 7 ^ttv^o - 

tt^ii:t:i>)Tmax CC) £#rM$SB«H-f£ - *° 
[0 0 4 5] 

Tmax CC) l*> A'?*** Xfc^jt&d t K X - t *>T« 

§& o 0llx.tf> ^7#Ot>fX=&J:»)/>$<t^ Tmax CC) £i*)1&< 

o2. 5«JSHTO*H^i-*-i:^ Tmax CC) *-HHCft< "T* - 
[0 0 4 6] 
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mt l , mmxmmmR v/x am mmwmm * m-t & v / g m * je« 

[0 0 4 7] 

[0 0 4 8] 
[0 0 4 9] 

i ) 

m 1 Ktf L,tz X *) K^lfeguUikmW. (fry **n@ 6 0 0 mm ( 2 4 ^ ^) ) 
£ffiv>T, !£@8^>-f- (2 0 0 mm) O v »J rr >fg B H H ?:i®C u 

ItO#Mt(7)filfiSTmax 0C) 1 5 1 4 •CKKjfcLfco £ "9 

mTt-f&tzibKH, V/G-fit (mmVK-min) 0$eB£, 0. 2 m_h0 
. 2 5JUJLTC-0. 000724X1514 + 1. 3 1 J^JLL- 0 . 0 0 0 7 2 4 
XI 5 1 4 + 1. 3 5J2HT) ommKirfHt^ (EI 3 (c) #Jffi„ ) 0 Lfcri* 

Gm (mmVK-min) ^IRotO. 2 2&±0. 2 4J5HT 

OlfiHKlftSfeLfeo iO^LfcV/Gtt (mmVK • m i n) Of&B 

^#®coia^SeG^\ 2. 3 3 7K/mm-e&o7t£i6, 3l±lfigjgV £ 0 . 
5 lmm/m in£l±0. 5 6mm/m i n OfEfflKftfl® LX3\±lfiz 0 
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[0 0 5 01 

2 ) 

tmm<v&m£k$k3kmw*m^x, -m-my^- (200mm) <t>v 

^1 5 6 0TOo/: 0 ^Tmax CC) C u -r^^Pil^^^v^NH 

Jt^^l-^^H^^^-r^^^^Ji, V/Giit (mmVK-mi n) ?>iEB 

0. 18J^±0. 22IT (-0. 000724X1560+1. 3 
-0. 000724X1560+1. 3 <Dm.ffllZ-fjxlf&^ 0 Lfztf-? 

^mcnr^m^MfD^Nmmt^^^^^^f^tz^K, v/g 

KmmVK-min) OfEB£. &i£Z&X^ 0 . 19J^±0. 2 1 &T?> 
l£H^^L/io COifeeL^V/Gfil (mmVK • m i n) cOiSH^ 

MOSJt^M£G^\ 2. 5 0 OK/mm^of:/;*, 3l_b&fi£igV £ 0 . 4 8 
mm/m i nJiLtO. 5 3mm/m i n <£>$gffl«JfP LT?l±tf fc Q 

[0 0 5 1] 

(^WJ3) 

mam 1 > 2 ^^ss^es t im% ^^.b^^mw: (;vy *oaa** 7 

5 0mm (3 0-f >?0 ) ^fflV^T, lt^8^>^- (2 0 0 mm) ^>'j3>f 

CO^^^ttJi, ;V7**tMI^fe<7)tilfiITm a x CC) 
**1 6 0 or-TNfeofco Wmax CC) ^<b. C u f#WW«©4v»Nl 
it^^r1-^#^ B e H *^3t1-^7ti6H{i, V/GJI (mmVK-mi n) Ofgffl 
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0. ISJSLhO. 19JSIT (-0. 0 0 0 7 2 4X 1 6 0 0 + 1. 3 USLt 
-0. 0 0 0 7 2 4X 1 6 0 0+ 1. 3 5JttT) ©*Bfc+*U*A<,* 0 Lfc* 0 

^(mm2/ K .min) ®«B*, 0. 16JBLtO. 1 8JBI 

T©*Bfc*feLfc. d*>*£LfcV/GH (mm2/ K .mi n) 

SKJWoaWCWG^ 2. 6 7 4K/mm^o/:^ 9l±»r««Vt0. 
43mm/mi n&±0. 4 8mm/mi n OJEB£iNf|l LT3l±tffc 0 

[0 0 5 2] 

(£16014) 

^lilJ^^^i^^, M8-f>*- (2 0 0mm) 

m i oJntfiftiiiiiijfcttL'T^Ei^jj: $ izwm® 1 4 *>ttc* M 

*1 5 1 4r**ofc 0 iOTmax CC) ttlOS^Htt^VK 
*W*JM»*t«»-r*^Htt % V/Gfli ( mm 2/ K . mi n) ofgH 
0. 2 8JSLh (-0. 0 0 0 7 2 4 X 1 5 1 4 + 1. 3 8JBU:) ®«BIC*- 
#tfcTAv* 0 V/Gi (mm2/ K - mi n) li, W B «U,v^f 

*-C***H-C**l. 9 0JKT (-0. 0 0 0 7 2 4 X 1 5 1 4 + 3. OJttT 
) ©*Bfc**#R*** 0 Lft^T, MO^AiSi^vmttt 
*JMt**9l±»f*fcJ6K:, V/G* (mmVK - mi n) *>*B*, ££* 
m^T% 0. 2 9&±0. 3 1JaTO*BK:ft5gLfc.^ £©ftfcLfcV 
/G« (mm2/K ■min) ©*B*C«W LTJMif*«|±»ffe 8 f 4*>*. 
^W a »!OHZT1i, B«IHSfOB«^E©JfcfcG^ 4. 07K/ 
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mm-CsbofcfciiK SLttf&JKV* 1. 1 8mm/m i nJil±l. 2 6mm/m 

osf'j L?zi><7)tx*&z>z£ zmmx § tz 0 

[0 0 5 3] 

i ~ 3 & €>#u * j: -? ;v ^ # t mmm^mx^rn'M^m t m a x ( 

&z\tx\ c u r^xmmm^^^m^i-^^^mm^^f & - 1 
&x&2> 0 ttz, mmmi, 2frt>m&&oK, mmtt^mzLx, Tmax ( 

"C) Zi&^M.mK^ir&Z.tX^ C uT'^PiSllitO^v^N^it^^-r^V/ 
Gm*M<1r&Z£tfx£fz 0 L/;A ? oT, ?\±ifMmv Z&tbizmfci- 2> ^ t 

&X # , %.%n&<D*kmi&z±if & - ^ ^-e # 7t 0 

[0 0 5 4] 
[0 0 5 5] 

mti£*%wximm^*-#>^<D^m®zmnL%^m& u > k-t 0 ) 

Tma x fclira«OM«tc*i), Zii^tKD^ffl.®, *Lx*:tib<Dmmxmk 
tl>^li^l:MtSV/Gf{:^LTTma x KiSffijEfcinx.* £ * 

[0 0 5 6] 

[nig^m] 
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[mi] 

[0 2] 
[13] 

(a) NittS^O SFi«fc45V/Giii:Tmax W|EH> 

(b) V£J*fc&* V/GmtTma xOf&ffl^ 

(c) Cu^4cK««<0*v»N«i*i:*4V/G|ifcTmaxOiEHo 
[HI4] 

NvSI*8fcN iittOifOV/GtttTma x CC) <DM#^t^7 7t 
[HI5] 
[0 6] 

o 

I •••JM&Aat&M* 2 ^ ^ftv^- 3 •••gillff^rwt-, 

I I -wfaftSB*^ i 2 -w, 1 3 -*m&«n 1 4 -»r*fc*i\ 

l 5-i*;v^-, l 'l 7-Wff!M*o 
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(a) 
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